Study of resonances produced in light nuclei through two and multi particle correlations by Quattrocchi, L. et al.
  
 
 
 
 
 
 
 
 
 
 
 
Title: Study of resonances produced in light nuclei through two and multi particle 
correlations 
 
Author: L. Quattrocchi, L. Acosta, F. Amorini, A. Anzalone, L. Auditore, I. Berceanu , 
Andrzej Grzeszczuk i in. 
 
Citation style: Quattrocchi L., Acosta L., Amorini F., Anzalone A., Auditore L., 
Berceanu I., Grzeszczuk Andrzej i in. (2017). Study of resonances produced in light 
nuclei through two and multi particle correlations. "Journal of Physics : Conference 
Series" (Vol. 863, iss. 1 (2017), art. no. 012071, s. 1-3), doi 10.1088/1742-
6596/863/1/012071 
 
1Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
1234567890
11th International Conference on Clustering Aspects of Nuclear Structure and Dynamics  IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 86  (2017) 012071  doi :10.1088/1742-6596/863/1/012071
Study of resonances produced in light nuclei through
two and multi particle correlations
L Quattrocchi1,2, L Acosta2,3, F Amorini4, A Anzalone4, L Auditore5,
I Berceanu 14, G Cardella1, A Chbihi6, E De Filippo1, S De Luca5, D
Dell’ Aquila9,12, L Francalanza9, B Gnoffo 1,16, A Grzeszczuk 15, G
Lanzalone4,11, I Lombardo9,12, I Martel8, N S Martorana2,7, T
Minniti17, S Norella5, A Pagano1, E V Pagano2,4, M Papa1, S
Pirrone1, G Politi1,2, F Porto2,7, F Rizzo2,7, E Rosato 9,12†, P
Russotto1, A Trifiro`5, M Trimarchi5, G Verde1,10, M Veselsky13 and
M Vigilante9,12
1 INFN, Sezione di Catania, Catania, Italy
2 Universita` di Catania, Dip. di Fisica e Astronomia, Catania, Italy
3 Instituto de Fisica, Universidad Nacional Autonoma de Mexico, Mexico
4 INFN, Laboratori Nazionali del Sud, Catania, Italy
5 Universita` di Messina e INFN Sezione di Catania, Messina, Italy
6 GANIL,CEA-IN2P3-CNRS, Caen, France
7 INFN, Laboratori Nazionali del Sud, Catania, Italy
8 Departamento de F´ısica Aplicada, Universidad de Huelva, Huelva, Spain
9 INFN, Sezione di Napoli, Napoli, Italy
10 IPN Orsay, Orsay, France
11 Universita` Kore, Enna, Italy
12 Universita` di Napoli Federico II, Dipartimento di Fisica, Napoli, Italy
13 Slovak Academy of Sciences, Bratislava, Slovakia
14 Institute for Physics and Nuclear Engineering, Bucharest, Romania
15 Institute of Physics, University of Silesia, Katowice, Poland
16 Centro Siciliano di Fisica Nucleare e Struttura della Materia, Catania, Italy
17 CNR-IPCF, Messina, Italy
† deceased
E-mail: lquattrocchi@unime.it
Abstract. CORRELATION experiment has been performed at INFN-LNS of Catania, using
the 4pi multi-detector CHIMERA, with the aim of exploring correlations between two and multi
light particle produced in 12C+24Mg collisions at 35 AMeV. Particular attention has been paid
to the decay mechanisms of Hoyle state, an excited resonant state of 12C produced via the triple-
α process and characterized by a pronounced molecular like structure with three α particles.
The study of the Hoyle state is essential for nucleosynthesis, but it also represents a clearly
isolated state that can be studied as a three-α cluster system.
1. Introduction
Heavy Ion collisions at intermediate energies represent an important tool to produce and to
study systems in extreme conditions of temperature, density and excitation energies, thus they
are the only terrestrial means to access the equation of state of asymmetric nuclear matter. The
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correlations between particles emitted during these reactions play a crucial role to understand
involved dynamics and to investigate some of the spectroscopic properties of several species
produced during the evolution of systems. Multi particle correlations have been used to explore
the competition between sequential and direct decay mechanisms of resonances produces in these
reactions; in particular here three α correlation has been analyzed to study the decay processes
of Hoyle state, the second 0+ excited state of 12C at an energy of 7.65 MeV.
2. Experimental details and results
With the aim of exploring two- and multi-particle correlations in Heavy Ion Collision, an
experiment has been performed at LNS-INFN of Catania; 12C+24Mg reaction at 35 AMeV
has been investigated using the forward part of CHIMERA 4π array [1]. In order to isolate α
particles resulting from decay of excited 12C quasi-projectiles, a criterion has been imposed to
restrict velocities of fragments.
Figure 1. Symmetric Dalitz plots of simulated events for sequential (top left panel) and direct
phase-space (top right panel) decay of Hoyle state. Bottom panel: symmetric Dalitz plot,
corresponding to decay from Hoyle state region, constructed with experimental data collected
in 12C+ 24Mg reaction.
To study the decay mechanisms of Hoyle state, Monte Carlo simulation has been performed
for each decay scenario: sequential decay (SD 12C→8Be-α→3α) and direct mechanism (12C→3α)
characterizing a uniform sampling of phase space by the decay products (DDΦ). In order to
investigate the various decay modes, energy distributions of decay products have been analyzed
adopting the symmetric Dalitz plots [2] constructed using following coordinates:
X =
√
3(ǫj − ǫk), Y = 2ǫi − ǫj − ǫk, (1)
where ǫi,j,k = Ei,j,k/(Ei+Ej+Ek) are the energies of particles in the center of mass reference
frame, normalized to total decay energy. Fig. 1 shows symmetric Dalitz plots for simulated events
corresponding to sequential decay (top left panel) and direct phase-space one, DDΦ (top right
panel), of the Hoyle state. The same plot constructed using experimental data collected in
12C+ 24Mg reaction is reported in lower panel of Fig. 1; it exhibits a more uniform distribution
that does not allow us to exclude any of the two decay mechanisms. For better evaluations,
monodimensional ǫi distributions [3] have been used. ǫi is the highest normalized energy among
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those of the 3 α particles emitted from the region around the Hoyle state. In the case of the
SD mechanism the distribution should have a peak around 0.5. In direct processes instead it
should range between 1/3 and 2/3, corresponding to the case of three α particles with an equal
energy, and the one of an α particle emitted in a direction opposite to that of the other two,
respectively.
Figure 2. Fits of ǫi distribution constructed with experimental data. The different fits have
been obtained using two combinations of percentages related to simulated sequential and direct
decay mechanisms.
In order to obtain a quantitative estimation for the probability of each decay mechanism, the
experimental ǫi distribution has been fitted with simulated events in which different percentages
of direct and sequential decays have been introduced. Fig. 2 shows the fits of experimental
data, relative to two different combinations of percentages related to sequential and direct decay
mechanisms. The results reported in Fig. 2 allow us to confirm the presence of an important
direct decay component that seems lower than 60% but also larger than 20%. These comparisons
can not be used to extract the branching ratio for direct and sequential 3 α decay of Hoyle
state, because of the limited energy and angular resolution. However they evidence a significant
contribution of direct decay modes for the Hoyle state.
3. Conclusions
Multi-α correlations have been analyzed in peripheral 12C+24Mg reaction at 35 AMeV. The used
strategy, based on Dalitz plot techniques, allows us to evaluate the relative contribution of two 3
α decay mechanisms of Hoyle state. The comparison with simulations evidences the contribution
of a direct component in Hoyle state decay, already suggested in experiment performed with
Heavy Ion collisions [4, 5]. This result could be related to in-medium effects on nuclear structure
properties.
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